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Abstract

Objective: The aim of this study was to evaluate and validate magnetic resonance imaging
(MRI) for the visualization and quantification of brown adipose tissue (BAT) in vivo in a rat
model. We hypothesized that, based on differences in tissue water and lipid content, MRI
could reliably differentiate between BAT and white adipose tissue (WAT) and could therefore
be a possible alternative for *8F-Fluorodeoxyglucose Positron Emission Tomography (**FDG-

PET), the current gold standard for non-invasive BAT quantification.

Materials/Methods: Eleven rats were studied using both *®FDG-PET/CT and MRI (1.5 T). A
dual echo (in-and-out-of-phase) sequence was used, both with and without spectral
presaturation inversion recovery (SPIR) fat suppression (DUAL-SPIR) to visualize BAT,
after which all BAT was surgically excised. The BAT volume measurements obtained via
BEDG-PET/CT and DUAL-SPIR MR were quantitatively compared with the histological

findings. All study protocols were reviewed and approved by the local ethics committee.

Results: The BAT mass measurements that were obtained using DUAL-SPIR MR subtraction
images correlated better with the histological findings (P=0.017, R=0.89) than did the
measurements obtained using *FDG-PET/CT (P=0.78, R=0.15), regardless of the BAT
metabolic activation state. Additionally, the basic feasibility of the DUAL-SPIR method was

demonstrated in three human pilot subjects.

Conclusions: This study demonstrates the potential for MRI to reliably detect and quantify

BAT in vivo. MRI can provide information beyond that provided by *FDG-PET imaging,



and its ability to detect BAT is independent of its metabolic activation state. Additionally,

MRI is a low-cost alternative that does not require radiation.

Key words: Cold Exposure, ®FDG-PET, Rat

List of abbreviations: MRI = magnetic resonance imaging, BAT = brown adipose tissue,
WAT = white adipose tissue, **FDG-PET = 8F-Fluorodeoxyglucose positron emission
tomography, CT = computed tomography, FDG = fluorodeoxyglucose, SPIR = spectral

presaturation inversion recovery



Introduction

Background

Two types of adipose tissue are present in the human body: brown and white adipose tissue.
The predominant adipose tissue type, white adipose tissue (WAT), is the primary site of
regular energy storage, whereas the thermogenic metabolic activity of brown adipose tissue
(BAT), which is innervated by the sympathetic nervous system, is more acutely induced by
dieting and cold temperatures [1, 2]. Long-term cold exposure is believed to increase the
volume of BAT [3-5], while short-term cold exposure causes metabolic activation [1, 6]. The
important role of BAT, as determined by in vivo study, in cold-induced thermogenesis in
human adult energy balance has attracted tremendous interest recently, especially because

changes in BAT may have a role in the pathogenesis of type 2 diabetes and obesity [7-9].

BAT has been reported to account for 11.8% of the resting metabolic rate, albeit with high
individual variation [10]. The amount of brown adipose tissue is inversely correlated with
body-mass index, which strongly suggests that brown adipose tissue may have a role in adult
human metabolism [2, 11]. Additionally, outside temperature, sex, body mass index and
diabetic status have all been shown to affect the glucose-uptake activity of BAT in humans

[12, 13].

To date, in vivo observations of BAT have been performed mainly using clinical *8F-
fluorodeoxyglucose positron emission tomography (**FDG-PET); these observations have
revealed that a substantial fraction of adult humans have areas of symmetrical high FDG
uptake [14]. In adult humans, the most common location for BAT is the cervical—
supraclavicular depot [11]. BAT can also be found in paravertebral, mediastinal, para-aortic,

and suprarenal locations [11, 12]. However, the visibility of subclavicular depots of BAT by



BEDG-PET in humans has been validated by biopsies only recently [1]. In studies conducted
after cold exposure, the prevalence of detectable BAT depots by 8FDG-PET approaches

100% in healthy volunteers [6].

In clinical settings, MRI has been considered the most suitable modality for imaging and
quantifying fat tissue due to its superior soft-tissue contrast and resolution. Some studies of
BAT-containing tumors, such as pheochromocytomas [15] and hibernomas [16-19], have
been reported, but none of them characterized BAT using MRI in healthy humans. In rats,
several MR techniques, including magnetic spectroscopy [23,24], have been employed to
quantify BAT using 4.7 T, 7 T and 9.4 T small bore animal MR systems [20-23]. The most
promising approach seems to be in- and out-of-phase imaging [21, 22, 25]. Additionally, fat

water mapping at a field strength of 3 T has been used to quantify BAT in mice [26].

These techniques are based on the fact that brown adipose tissue has a higher water content
than WAT, which should allow the differentiation of BAT from the surrounding WAT tissue
using in- and out-of-phase imaging [28]. Furthermore, while 8 FDG-PET/CT only identifies
activated BAT that has increased metabolic activity (glucose uptake), MRI provides superior
anatomical resolution and thus has the potential to determine BAT volume in a more reliable
fashion, regardless of the activation state. To the best of our knowledge, no studies comparing
MR in- and out-of-phase imaging with *®FDG-PET and histology have been previously

reported.

Rationale
In the current study, we aimed to validate our novel and rapid method of BAT imaging at 1.5

Tesla magnetic field strength using in- and out-of-phase dual echo MR imaging combined



with spectral presaturation inversion recovery (DUAL-SPIR) in a rat model by directly
comparing the MR findings with those of 8 FDG-PET/CT and histology. Additionally, we
aimed to demonstrate the feasibility of this technique for detecting BAT in the cervical—

supraclavicular region of a healthy human subject.

Methods

Ethical approval

The animal study protocol was reviewed by Ethics Committee for Animal Experimentation at
the University of Turku, Finland and was approved by the State Provincial Office of Western

Finland (STH39A//ESLH-2006-11128/Ym-23).

Study animals and design

Eleven male Sprague-Dawley rats, weighing 325-400 g, bred at the animal facility of the
University of Turku were housed under standard conditions (20 + 1 °C, humidity 55 + 5%,
lights on from 6:00 a.m. to 6:00 p.m.) with free access to standard food and tap water.
Because our local Ethics Committee did not grant permission for cold exposure of the rats,
they were not exposed to cold. On a given study day, an *®FDG-PET/CT scan was performed
first and was then followed by an MR study. The animals were anaesthetized via isoflurane
inhalation during the *®FDG-PET/CT scan and then euthanized by CO,-gas prior to the MR
studies. After the MR scan, the BAT tissue of the rats was located visually through careful
dissection, and it was then removed and weighed. The removed BAT tissue was also
immunohistochemically stained and analyzed. All of the rats were euthanized approximately

5 hours prior to the BAT dissection and histological analysis.

BEDG-PET/CT studies



BEDG-PET/CT scans were performed on eight rats using a hybrid PET/CT animal scanner,
Siemens Inveon PET/CT (Siemens Medical Solutions, Knoxville, USA). ®FDG (16.45+0.64
MBq) was injected via a cannula inserted in the tail vein. The rats were anaesthetized with
isoflurane 60 min prior to a 20-min static PET scan that was preceded by a low-resolution CT
scan used for attenuation correction and anatomical reference. The body temperature was not
actively influenced or regulated during neither the 60-min biodistribution period of *¥FDG nor
the PET/CT scan. The images were reconstructed using an OSEM2D algorithm, and ROIs
were drawn on the expected BAT tissue, WAT tissue, and heart muscle using the areas with
high *8FDG uptake and/or the CT anatomical reference scan. The ®FDG uptake of the tissues
was quantitatively evaluated by comparing the uptake of the interscapular BAT deposits with
the heart muscle and subcutaneous white adipose tissue. The volume of the metabolically
activated BAT in the ®FDG-PET images was measured using the Mirada 7D software
package on the PET/CT workstation (Mirada Solutions Ltd., Oxford, England). The PET

scans were analyzed independently, and the reader (TJG) was blinded to all other information.

In-and-out-of-phase MR imaging

Imaging was performed on a Philips Gyroscan Intera CV Nova Dual 1.5 T MRI scanner
(Philips Medical Systems, the Netherlands). A circular C3 surface coil was used as the
receiving coil. The standard dual gradient echo (in phase — opposite phase) sequence was used
with a repetition time (TR) of 10.1 ms, echo times (TE) of 2.30 ms and 4.60 ms, flip angle
(FA) of 80° and two averages. The acquisition matrix was 240x240 with foldover
suppression, the field of view (FOV) was 140 mm, and the slice thickness was 0.5 mm with a
0.1 mm gap between adjacent slices. In total, 70 sagittal and 70 axial slices of the
interscapular area were obtained. The MR analysis was performed independently, and the

reader (MH) was blinded to all other information at the time of analysis.



DUAL-SPIR MR imaging

In addition to the basic imaging protocol, we enhanced our imaging technique by combining
the in- and out-of-phase series described above with a spectral presaturation inversion
recovery (SPIR) pulse, which preceded the dual-echo acquisition, a method we referred to
DUAL-SPIR. The inversion pulse [29] was adjusted such that the zero crossing of the T1
relaxation of the lipid signal occurred at the center of the excitation pulse. During the multi-
slice scans, a fat suppression pulse was applied before every slice. These DUAL-SPIR images
were obtained from six rats, and all of the other parameters, except for the addition of the
SPIR pulse, were identical to the conventional in- and out-of-phase imaging series described

above.

Image data post-processing

The MRI images were post-processed by subtracting the out-of-phase images from the in-
phase images within both the series of conventional in- and out-of-phase data and the DUAL-
SPIR data. Post-processing was performed on a Siemens Leonardo workstation (syngo
MMWP VE27A, Siemens AG, Berlin and Munchen). Brown adipose tissue, as defined by the
remaining bright interscapular signal intensity in each subtraction series, was outlined in each
consecutive slice using a freehand ROI tool. The outlined tissue volume was calculated
offline by multiplying the outlined areas with the slice thickness, also taking into account the
interslice gap. The MR images, the originals and the images obtained from the subtraction
series, were also fused with the PET images to facilitate a more direct comparison between
the two modalities. This fusion was accomplished using the Mirada 7D software package on a
PET/CT workstation (Mirada Solutions Ltd., Oxford, England). Through co-registration of

the anatomical MRI and CT data and application of the same transfer matrix to the PET data
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and the acquired subtraction MRI data, highly accurate fusion of the MR and PET data were
obtained. A 3D-reconstruction video illustrating the final fusion of the DUAL-SPIR MR data
with the 1®FDG-PET data is available in the online supplementary material. Measured tissue

volumes were converted to weights assuming an average BAT tissue density of 0.94 g/cm®.

Human pilot subjects

The human protocol was reviewed and approved by the Ethics Committee of the Hospital
District of Southwest Finland, and written informed consent was obtained from the subjects.
The study conformed to the standards set by the latest revision of the Declaration of Helsinki.
Three human subjects, one healthy male and two healthy females of normal weight, were
exposed to cold conditions prior to 8FDG-PET/CT as previously described [1]. The purpose
of the cold exposure was to metabolically activate BAT [2,5]. The MR examination was
performed at a later time under normal warm conditions. The imaging parameters were
virtually identical to those used in the animal studies: field-of-view (FOV), 530 mm;
acquisition matrix, 256x179; slice thickness, 4 mm with a 4 mm gap between adjacent slices;
repetition time (TR), 120 ms; echo time (TE), 2.30 ms and 4.60 ms; and flip angle (FA), 80°
and one average. A number of slices covering the entire cervical-supraclavicular region were
selected and were obtained both with and without the presence of a spectral presaturation

inversion recovery (SPIR) pulse.

Histology

As mentioned previously, all visible BAT was carefully dissected in all eleven rats.
Immediately upon dissection, the brown adipose tissue was immersed and fixed in 10%
buffered formalin (pH 7.4) and subsequently embedded in paraffin. Five-micrometer sections

were cut and stained with hematoxylin and eosin. The histological criteria for the tissue to be
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labeled as brown fat were the following: dense capillary vasculature; typical multiple small
vesicles in the cytoplasm; and strong eosinophilic cytoplasmic staining (rather than a single
fat droplet observed in the white adipose tissue cells). Using both morphological and
immunohistochemical methods, more than 90% of the dissected tissue was confirmed to be
BAT. The remaining tissue was composed of small amounts of fibro-fatty tissue, vessels and

muscle.

Statistical methods

All statistical analyses were performed by an experienced biostatistician (IL). Comparisons
between the measurement techniques were performed using a paired t-test. The relationship
between BAT obtained through the autopsy and imaging methods was calculated using
Pearson’s correlation. Agreement between the BAT mass acquired by different imaging
techniques and the mass acquired by histology was assessed using Bland-Altman plots. All
tests were performed with SAS version 9.2 (SAS Institute Inc., Cary, NC). P values <0.05

were considered statistically significant.
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Results

Visualization of BAT using MRI

In both the conventional in- and out-of-phase and DUAL-SPIR MRI series, BAT appeared as
an area with high signal intensity compared to the background signal intensity (Figure 1). The
subtraction images both enhanced the areas with high signal intensity and reduced all other
(non-BAT) signal intensities in the image, thus greatly facilitating the differentiation of BAT
from WAT (Figure 1A and 1B). In conventional in- and out-of-phase series, the skin and
subcutaneous tissues had signal intensities close to those of BAT, thus confounding the
identification of BAT. However, this problem was eliminated in the DUAL-SPIR subtraction

imaging series (Figure 1C).

Comparison of BFDG-PET/CT and MRI

The fused 8FDG-PET/MRI data allowed visualization of both the functional BAT on ®FDG-
PET and the anatomy of BAT on MRI. In three animals, there was no clear metabolic
activation of BAT as determined by **FDG-PET imaging. The majority of the ®FDG-PET
uptake was observed within the large dorsal fat depot in the interscapular area, and lower
uptake was observed in the dorsal cervical area (Figure 2 and 3). The interscapular BAT was
roughly butterfly shaped, with lateral wings and a central body extending to the neck area.
The volume of activated BAT as measured from 8FDG-PET/CT was significantly smaller
than the volume of the anatomical area of BAT in the MR images (0.05 mm? versus 0.19 mm?

(P=0.0016), respectively).

Comparison of histological and imaging findings
The BAT tissue masses obtained through dissection were comparable with the BAT masses

calculated from the MRI and PET data, (Table 1), although some of the data from all of the
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modalities were unavailable in each animal due to technical difficulties. The BAT mass
measured from the DUAL-SPIR subtraction images showed the best correlation and best
agreement, according to the Bland-Altman analysis, with the dissected BAT mass (P=0.017,

R=0.89, Figure 4 and 5).

Human pilot cases

In the 3 healthy human volunteers, both the conventional in- and out-of-phase data and the
DUAL-SPIR MR data showed BAT as bright tissue on a darker background (Figure 6A), in
agreement with the findings observed in the animal experiments. Metabolic activation of BAT
was clearly visible by *®FDG-PET/CT examination (Figure 6B), with bilateral areas of high
1BEDG uptake in the cervical-supraclavicular region. Excellent visual correspondence
between the metabolically active BAT areas on *®FDG-PET/CT and the areas associated with
BAT depots on DUAL-SPIR MRI was observed, as indicated by the direct fusion of the
BEDG-PET and MRI images (Figure 6C). Case 1 had 51 g of brown adipose tissue as
measured by DUAL-SPIR MRI and 54 g as measured by *®FDG-PET/CT. For cases 2 and 3,
the amount of BAT measured with DUAL-SPIR MRI versus FDG-PET/CT, was 32 g versus

and 46 g and 53 g versus 16 g, respectively.
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Discussion

Interpretation

In this study, we demonstrated and validated the imaging of brown adipose tissue (BAT) in
vivo using a clinical 1.5 T MRI scanner. We showed that, using both histology and *FDG-
PET as methods of reference, BAT can be visualized with both conventional in- and out-of-
phase imaging and our novel DUAL-SPIR method. However, in our study, only DUAL-SPIR
subtraction images allowed unequivocal definition of BAT deposits. In addition, the mass of
the BAT deposits measured using the DUAL-SPIR method correlated best with the
histological findings. The brown adipose tissue masses calculated from 8FDG-PET/CT were
considerably smaller than both the BAT masses obtained through dissection and those
obtained with the DUAL-SPIR method. Furthermore, conventional in- and out-of-phase
imaging tended to slightly overestimate the amount of BAT. These data strongly suggest that
the determination of BAT mass in vivo using DUAL-SPIR MRI is more accurate than PET,
the current standard for the non-invasive detection of BAT. We suggest that this effect is
caused by the ability of DUAL-SPIR MRI to detect BAT regardless of its metabolic
activation state. Based on the data obtained in the current study, we suggest that DUAL-SPIR
MR is an appealing alternative for 3FDG-PET in the imaging of BAT depots, as it eliminates

the need for ionizing radiation and subject cold exposure.

Our feasibility study confirmed the presence and location of BAT, which were consistent with
previous findings obtained using high-field animal MRI [20-22] at 3 T [26,27] and 8 FDG-
PET/CT scans. Our proposed method allowed the visualization of interscapular BAT deposits
in rats, as well as the delineation of tissue areas consisting of fat with markedly higher water
content compared to ordinary white adipose tissue (WAT). In the post-processed images

acquired by subtracting the out-of-phase images from the in-phase images, BAT was clearly
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visualized as bright tissue on darker background, as expected from the relatively higher water
content of BAT compared to WAT. Additionally, the proposed method seemed to work well
in a single human subject, indicating that there is potential for visualizing BAT using MR in

humans.

Strengths and weaknesses

Our study is mainly limited by the relatively small number of animals, as well as various
practical limitations that resulted in some of the examinations being unavailable in each
animal. In total, this study involved eleven rats; **FDG-PET/CT and DUAL-SPIR MRI
imaging were performed in eight and six animals, respectively. Furthermore, the animals
could not be exposed to cold because of ethical considerations, which makes the extrapolation
and comparison with human studies more challenging, as the proper cold exposure in human

studies might have resulted in higher metabolic activation of BAT on **FDG-PET/CT.

Additionally, we are aware that our in- and out-of-phase based DUAL-SPIR method does not
take into account individual peaks of the lipid spectrum and their individual T1 relaxation
behavior, are the overall tissue T2* relaxation effects taken into account either [30,31].
However, we feel that this limitation is out weighed by the fact that the standard in-phase and
out-of-phase sequence used to generate our data is available to most MR professionals, and
therefore does not limit the reproducibility of our proposed method to the owners of devices
from a specific vendor. Our data show that, despite the admittedly simplified imaging and

post-processing methods, it is possible to non-invasively identify BAT using this approach.

We recognize that in human subjects the technical challenges are even bigger than in rats, in

particular because of the larger and more irregular shape of the imaged cervical area. These

15
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anatomical constraints combined with the technical limitations of modern MR-scanners in
terms of maximum magnetic field homogeneity (shimming) can cause imaging artefacts in
some subjects. For these reasons we are currently still in the process of optimizing and

validating the technique for use in humans.

Implications

The healthy volunteers in this study provide examples of how the technique can be used in
human subjects. We will continue our efforts regarding the application this technique to
human subjects and patients in the future. In human subjects, the technical aspects of this
method are more demanding than in rats because of the larger size and irregular shape of the
imaged area. These complications can also lead to challenges in shimming the magnetic field,
which can in turn produce artifacts in certain subjects. Therefore, we will need to optimize
and validate this technique in humans separately using PET and/or histological samples as the

gold standard.

Given the benefits of MRI over 8FDG-PET/CT in animal studies, we foresee that BAT
quantification using MRI might facilitate studies in humans due to its wider availability, lack
of ionizing radiation and a shorter pre-examination preparation times (because cold exposure
for the metabolic activation of BAT is not needed). MRI could also be used as a
complementary method to *®FDG-PET/CT, with MRI providing additional information to the
BEDG-PET/CT data by means of its superior anatomical resolution and soft tissue contrast.
Additionally, the proposed method could be highly interesting in the light of the rapidly
expanding research field of whole-body (hybrid) MR-PET, potentially allowing for detailed

simultaneous evaluation of overall and metabolically activated BAT masses in humans.
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Conclusion

The present study demonstrates that brown adipose tissue (BAT) can be detected and
accurately quantified in vivo using dedicated DUAL-SPIR MRI, regardless of the BAT
metabolic activation state. The proposed method offers clear benefits over ®FDG-PET/CT,
the current gold standard for non-invasive BAT quantification; these advantages include more
accurate quantification, a lack of ionizing radiation and the avoidance of subject cold
exposure. We speculate that the use of this (widely available) MR-based technique has the
potential to aid future studies on the thus far largely unknown role of BAT, in both healthy
and diseased states. This information, in turn, is expected to be essential for future research
into energy balance dynamics, potentially leading to new clinical applications for the

prevention and treatment of obesity and related pathophysiology.

Author’s Translational perspective

MRI provides information beyond that offered by ®FDG-PET imaging due to its ability to
detect and quantify brown adipose tissue independent of the BAT metabolic activation state.
MRI is also associated with a lower cost and lack of ionizing radiation burden compared with
BEDG-PET; as a result, brown adipose tissue imaging could be available to a larger patient

population if performed by MRI.
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Table 1: Brown adipose tissue (BAT) mass in all of the rats. The mass was measured by
dissection, DUAL-SPIR MRI, conventional in- and out-of-phase MRI and ®FDG-PET (N/A:
data not available, I/A: insufficient activity observed in the PET data to allow for analysis).
The results of the paired t-test comparisons of the BAT mass calculated using each individual

technique versus the actual weight of BAT obtained through dissection are shown in the last

row of the table.

Weight BAT in DUAL-SPIR In-and-out- BFDG-
of dissection MRI of-phase PET/CT
therat (mg) (mg) MRI (mg) (mg)
(9)
Rat 1 343 246 N/A 365 95
Rat 2 323 237 N/A 360 118
Rat 3 N/A 257 N/A 444 N/A
Rat 4 N/A 305 N/A 471 N/A
Rat 5 N/A 316 N/A 396 N/A
Rat 6 396 238 233 461 105
Rat 7 297 246 188 333 I/A
Rat 8 366 323 246 438 90
Rat 9 348 118 122 290 84
Rat 10 330 132 159 294 I/A
Rat 11 333 256 190 444 I/A
p-value N/A N/A 0.756 0.0026 0.0126

24




Figure legends

Figure 1, heading:

Figure 1, legend:

Figure 2, heading:

Figure 2, legend:

Figure 3, heading:

Figure 3, legend:
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Interscapular brown adipose tissue (BAT) deposit in a rat.
Sagittal in-phase (1A), out-phase (1B) and DUAL-SPIR (1C) MR
images depicting the interscapular brown adipose tissue (BAT)
deposit in a rat. Figure 1C is a calculated subtraction image
acquired by subtracting the out-of-phase images from the in-phase
images, which were obtained following a spectral presaturation
inversion recovery (SPIR) pulse. Interscapular BAT in rats
consists of a central mass and a bilateral butterfly-shaped area
(arrow). As can be observed, the DUAL-SPIR subtraction method
makes the BAT tissue distinguishable from the surrounding white

adipose tissue, in contrast to in- and out-of-phase imaging alone.

BAT activation in 8 FDG-PET/CT.

Examples of the 8 FDG-PET/CT 3D reconstruction of data
obtained in animal nr. 9 (2A) showing the activation of brown
adipose tissue (BAT) and in animal nr. 10 (2B), which had no

clear BAT activation.

Image post-processing and fusion.

Calculated in- and out-of-phase subtraction DUAL-SPIR image of
a rat interscapular BAT deposit acquired in the sagittal plane (3A)
and 8FDG-PET/CT images (3B) of the corresponding area. Figure

3C is a fusion image of these MR and ®FDG-PET/CT images.
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Figure 4, heading:

Figure 4, legend:

Figure 5, heading:

Figure 5, legend:

Figure 6, heading:

Figure 6, legend:
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Correlation of the BAT mass acquired through dissection in
rats in conjunction with DUAL-SPIR MRI, conventional in-
and out-of-phase MRI and *FDG-PET/CT.

The autopsy results (black solid line) were most closely
approximated by DUAL-SPIR MRI (SPIR, green dashed line),
which appears to be superior to both conventional in- and out-of-
phase imaging (non-SPIR, red dashed line) and ®FDG-PET/CT

(PET, blue dashed line).

Bland-Altman plots of the calculated BAT mass.

Bland-Altman plots of the calculated BAT mass based on MRI
DUAL-SPIR images (5A), MRI conventional in- and out-of-phase
images (5B) and 8FDG-PET/CT images (5C) against the BAT
mass measured in autopsy. DUAL SPIR MRI showed less bias and

higher precision than 18FDG-PET/CT.

Human pilot cases.

Calculated in- and out-of-phase subtraction DUAL-SPIR images
of the supraclavicular BAT deposits (arrow) in all 3 healthy human
volunteers acquired in the coronal plane (6A) and 8 FDG-PET/CT
images (6B) of the corresponding area in each subject. Figure 6C
is a fusion image of these MR and ®FDG-PET/CT images. The
actual amount of brown adipose tissue mass estimated by each

technique is stated in the Results section.

26



Figure 1:

27

27



Figure 2:

28

28



29

Figure 3:
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Figure 5a:
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Figure 5b:
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Figure 5c:
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Figure 6:
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